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Let's start W|th a picture
of more “conventional”
glumo production ..
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First, A Picture of “Conventional”
Supersymmetry (SUSY) OXFORD

Common Selection

Heavy initial partlcles Long decay chain Lepton veto
-> Central jets >7-11 jets
| 4 " | Many central jets: |n|<2.0
p Z/h Key variable: MET-significance:
§ gm0 ] v/ /Hy
,0’.{"’0“ XZ
..;““‘ o MET Hr =) prje
<, 1 > =0
g SRR X1 |
p W Two analysis streams

b h Flavour: select b-jets

b-tagging /' \ MJSigma: makes use of jet

(>=0, 1, 2 b-jets) reclustering

Jet Reclustering X _ R=1.0
JHEP12 (2017) 034 r M7 =) m;
J
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https://link.springer.com/article/10.1007/JHEP12(2017)034

Can we use existing jet multiplicity and
MISS . .

E+  technigues to extend sensitivity to
different gluino/squark production

scenarios ?



A Picture of R-parity-violating SUSY

UNIVERSITY OF

0),4:(0)23)
q q + Introduce a baryon number-violating
q coupling, A”iik (i,j,k = quark generation
P q indices).
g o -0 — q - RPV => LSP decays to SM particles,
P ;.;'*" X1 ’1/ 19 with a decay probability characterised
.‘f’ oy by A’
"46"- ¢ - O )
X, ~ X17112 q . Another decay cascade => many
g ® q hadronic jets in the final state.
P
q - Range of LSP lifetimes possible, e.qg.
q long-lived LSP => search for displaced
q o tracks Ip the mner detector

WRPV — )\’L]kL L 6K ‘I_ )\;jk‘QZL d )\/jkquCdC mszHu

%-4_

Lepton number-violating Baryon number-violating
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Example: 7 — 11 Jets (RPC)
Sensitivity to RPV SUSY (2015 + 2016) [gEsS

gg production, g— tt — tbs (RPV)

I B L R B L
- ATLAS

— Multijets + E™*° Combined

~ Vs=13TeV, 36.1 fb™

- All limits 95% CL
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- RPV stop: stop undergoes a direct

decay into heavy-flavour quarks. 000
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- The 7 — 11 jets analysis is sensitive . d
1200 1400

to such a model because its SRs 4000 —

| I | I | I | |
600 800 1000 160C

contain a small amount of real Exmiss m(g) [GeV]
- More in JHEP12 (2017) 034 - More sensitive than most other strong-SUSY-
motivated analyses, which have an explicit
ET™iss cut.
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https://link.springer.com/article/10.1007/JHEP12(2017)034

UNIVERSITY OF

The RPV Programme at ATLAS

OXFORD

N
RPV 1L (multi-jets) 13 TeV, 36.1 fb-! 1704.08493

""""" RPVOL (muliciets) | 137eV,36.417 | 180403568

""" > same-sign/3 leptons | 137TeV,36.1 b1 | 170608731

| 2xzjetresonance | aryagigpe | 00mT

___________________________ search N
RPV 4L 13 TeV, 36.1 fb- 1804.03602

 spB—L | BTV, 3611 | 171008544
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https://arxiv.org/abs/1704.08493
https://arxiv.org/abs/1804.03568
https://arxiv.org/abs/1706.03731
https://arxiv.org/abs/1710.07171
https://arxiv.org/abs/1804.03602
https://arxiv.org/abs/1710.05544

RPV Search with Multi-Jets

RPV models with gluino direct/cascade decays into
jets. Search in 2015 + 2016 ATLAS data.

UNIVERSITY OF

0),430)23D,

Construct signal regions from trimmed, R = 1.0 jets
(4+, 5+), associated b-jets, and centrally-produced
jets, IAnmal < 1.4,

Uses M,z of 4 leading R = 1.0 jets, and estimates
backdrop shape with data-driven template approach.
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RPV Search with Multi-dets

10 grrrr e ey
= Vs =13 TeV, 36.1 b —— Observed Limit : OXFORD
i ATLAS - Expected Limit ]
1 + 1o -
- + 20 .
B — - gg Cross-Section  _
10_1 — All limits at 95% CL =
o] N T, O |
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L
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- No statistically significant excesses in 4+ or
5+ R = 1.0 jet signal regions, with/without b-
tagging requirements.

-+ Direct decay: signals as small as 0.011 — 0.8 pb
excluded at 95 % CL.

- Cascade decay: excluding gluinos up to masses
of 1875 GeV at 95 % CL.
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Events/100 GeV

Data/SM

RPV Search with Multi-Leptons
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Search for RPV lepton-number-violating decays. See
also Matt Klein’s talk and Zinonas Zinonos’ poster !

Inclusive search for decays to all three leptonic
generations (12k and i33).

. ~0 . .
Scenario X1 branching ratios

LLE12k eTe v (1/4) eFuv (1/2) utu v (1/4)
LLE33 e*tF v (1/4) 1ttt v(1/2) uErTv(1/4)

Inclusive 4LO0T, 3L1T, 2L2T signal regions (L = light
lepton, T = tau).

Same-flavour-opposite-sign lepton pairs with dilepton
mass around the Z peak are vetoed.

Multiple high-energy leptons => larger effective mass in
signal,
Mets = ETmiss + Z p.l.leptons + Z PT(> 40 GeV),jets

11 SUSY 2018



RPV Search with Multi-Leptons

UNIVERSITY OF

99 — qqqaliivv 0),43(0)23D;
;‘ 2500 _I | I | | ] I I | | I I | | | I I | I I ] | I | | | ’I”I’;’
() -
9) B ATLAS ; Al limits at 95% CL ool _
SF ~ Vs=13TeV, 36.11b 1 i
& — 4 lepton 9 ' n
2000 = wuz Observed (+ 1052 0% ! ]
— ===m Expected (1 cexp) o ((‘{, -7 : -
- “ 1 -
| = Ay #0 - ! -
1500 — ==X, #0 4 : _
| k) 1 _
i I
- .' 1 - —
N .- 1 l: -
-7 \ I _
1000 - \ W _
u / 15 _
B 1 _
I
L ’:- —
500 |— i —
B i B
B ; _
_ | l | 1 | |

1000 1200 1400 1600 1800 2000 2200 2400 2600
m; [GeV]

First 2015 + 2016 limits on both the 72k and /33 lepton-number-violating decays
In gluino production.

Gluino masses (i33 coupling) excluded up to 2.25 TeV with 36 fb-! of ATLAS
data.
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Can we connect these RPC—RPV
Models ?

13



How do we connect the RPC and RPV pictures ? [l
OXFORD

« Most ATLAS SUSY analyses “optimised” to search for RPV or RPC SUSY.

- Can we explore sensitivity to both sets of models ?

RPC SUSY RPV SUSY

Q: How do we connect
these two classes of models ?

Michael E. Nelson, Oxford 14 SUSY 2018



How do we connect the RPC and RPV pictures 7 st

« Most ATLAS SUSY analyses “optimised” to search for RPV or RPC SUSY.

- Can we explore sensitivity to both sets of models ?

RPC SUSY RPV SUSY

A: We scan the RPV coupling,
A”ijk

Michael E. Nelson, Oxford 15 SUSY 2018



The RPC-meets-RPV “Continuum”
0),430)23D,
RPC-SUSY RPV-SUSY

Michael E. Nelson, Oxford 16 SUSY 2018



RPC-meets-RPV in ATLAS

0),430)23D,

- |dea: reinterpret existing 36 fb-' SUSY analyses in the RPC-RPV “continuum” A”jx

- Three types of “simplified” SUSY models considered: Gqq, Gtt, stop

-+ Full glory here: ATLAS-CONF-2018-003. See also Veronika Magerl’'s and Simone Amoroso’s
posters !

t B 0.9,87( m(§) )4 1 GeV
o >4~ . > 172 \100GV | { ()
) S~ o i e e s VS
m E Xl " n a
’ it ’ For bino-like neutralinos
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https://cds.cern.ch/record/2308391

Event fraction

RPC-meets-RPV Kinematics

UNIVERSITY OF

0),430)23D,

Let’s understand the kinematics of the various RPC-RPV signals to see if existing
squark/gluino searches could be sensitive ...

04T T T T T T T T T T T3¢ 0251 e
0 355_ ATLAS Simulation Preliminary Prompt _5% - ATLAS Simulation Preliminary Prompt i
OYE T (otos), mEX) = (800, 200) GeV 0.01 ns 1@ 0.2 G-ty (—tos), m@X,) = (1800, 200) GeV 0.01ns ]
0.3F =21lepton, jetp, > 40 Gev 0.1 ns —:E T New 24N, 22, ET > 200 GeV 0.1 ns ]
- —1ns 10 - —1ns I
0-25¢ —ions 4@ 0-15__—|_|_ —10ns |
0.2 —RPC = ! —RPC -
0.15F 4 01 -
- . - —— .
01 E 005:———,_:='=_ —‘_'='—|:=_=|:=_—:
005 3o e
O_: | | | |m IR AT B AT SRR RN B i v o — = ——=r
2 3 4 5 6 7 8 9 10 11 12 QOO 300 400 500 600 700 800 900 1000
Jet multiplicity ET'** [GeV]

Ermiss reduction as LSP lifetime
falls. E.g. 7 — 11 jets has no
explicit Ermiss cut

Michael E. Nelson, Oxford 18 SUSY 2018

Turn on RPV coupling =>
jet multiplicity increases
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Gluino Sensitivity: Ggqg

~0

RPC-RPV Combination: §eqqﬁ?(eqqq) / g—qqq, m(¥,)=200 GeV, bino-like %?

m(g) [GeV]

3000F T a -
2800F- ATLAS Preliminrlslry | E Observed and expected limits
26005— Ys=13 TeV, 36.1 ! — RPC OL 2-6 jets _E on gIU|nO Mass, as a funCtIOH
- -©- Expected . of LSP lifetime, and the
2400 ~e- Observed — RPCOL7-11jets equivalent RPV coupling
2200F E strength.
2000F " -
18005_ E OL 2-6 sets strongest limits.
1600 =
1400F ° =
1200 "°" E Less competitive limits set by
10005 o . 7 — 11 jets, given moderate
RPC 107° 1072 jet multiplicity of the signal.
| TR S S [T W0 00 U N N (1T O BN S S [TV N 08 T S S (11RO 00 B W I.....?.\:|151.2
1%? iftetimo [ns] 07 10% 107 - Larger coupling => reduced

LSP lifetime => Eymiss
reduced, and sensitivity
falls.
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Gluino Sensitivity: Gtt

UNIVERSITY OF

RPC-RPV Combination: §—tty, (—tbs) / §—tbs, m(¥,)=200 GeV, bino-like 7. OXFORD
< 3000 ) B LA B AL AL e
© 2800k ATLAS Preliminary RPC >3 b =
- - > 3 b-jets .
2 - -©- Expected RPV 1L g 3 limits on gluino mass, as
£ 2400 o oserved — RPC-RPVSS/3L 2 a function of LSP lifetime,
2200 4 i gluino branching ratio,
2000F » 2= and the equivalent RPV
1800F =5 coupling strength.
- O T
1600F" ¢ E S
1400F o 5= Sets consistent limits
1200E 2 ] across the RPV
- N T T L coupling.
1000 | ' ' |
RPC 107° 1072 107 1
A . .
e+ s o e e oy 323 + Use of jet reclustering
102 10 1 107" 102 0.1 0.3 0.7 0.9 _ :
% lifetime [ns] BR( — tos) and b-tagging
; technigques, and
moderate Ermiss,
Michael E. Nelson, Oxford 20 SUSY 2018
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OXFORD
\“\0‘\ Yected
X% _dSsS, as

'SP lifetime,
_sranching ratio,
_«athe equivalent RPV
coupling strength.

Sets consistent limits
across the RPV
coupling.

Use of jet reclustering
and b-tagging
techniques, and
moderate Ermiss,

SUSY 2018



ATLAS SUSY Searches* - 95% CL Lower Limits

UNIVERSITY OF

0),430)23D,

ATLAS Preliminary

July 2018 \/_=7, 8,13 TeV
i -1 .=
Model &M T,Y Jets ET™ [ranm™] Mass limit Vs=7,8TeV  Vs=13TeV Reference
44, §—q%) 0 2-6jets  Yes  36.1 1.55 m(%})<100 GeV 1712.02332
o mono-jet  1-3jets  Yes 36.1 0.71 m(g)-m(¥})=5 GeV 1711.03301
% 28, 2-q3%1 0 2-6jets  Yes 361 |2 ' 2.0 m(¥})<200 GeV 1712.02332
= F4 Forbidden 0.95-1.6 m(¥])=900 GeV 1712.02332
B & Foqon Se,u 4 jets - 3.1 |2 1.85 m(¥1)<800 GeV 1706.03731
g ee, (L 2jets Yes  36.1 g 1.2 m(g)-m(¥})=50 GeV 1805.11381
'g g2, §-qaWzx) 0 7-11jets  Yes 361 |2 1.8 m(7) <400 GeV 1708.02794
S 3epu 4 jets - 36.1 g 0.98 m(g)-m(¥1)=200 GeV 1706.03731
< . . y
= 3z oty 0-1e,u 3b Yes 361 |% 2.0 m(¥})<200 GeV 1711.01901
3eu 4 jets - 36.1 & 1.25 m(g)-m(})=300 GeV 1706.03731
LFV pp—¥r + X, ¥r—ep/er/ut ejL,eT,ut - - 32 | % 1.9 241,=0.11, A132/133233=0.07 1607.08079
XiXT 10 — WW/zetetvy 4ep 0 Yes  36.1 m(E3)=100 GeV 1804.03602
22, g—)qq«\??,)'(? - qqq 0 4S5large-Rjets - 36.1 Large A/, 1804.03568
i Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
O 73§ — ths/ gotiK), X] — ths Multiple 36.1 m(¥°)=200 GeV, bino-like ATLAS-CONF-2018-003
i, ist?), ) - ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
fif;, fj—obs 0 2jets+2b - 36.7 1710.07171
ff1, f1—bt 2e,pu 2b - 36.1 BR(7, —be/by)>20% 1710.05544

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Mass scale [TeV]

Full summary of results here

Michael E. Nelson, Oxford
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_Summary/ATLAS_SUSY_Summary.pdf

Summary

UNIVERSITY OF

0),430)23D,

- |t is possible to reinterpret searches for “conventional”, RPC SUSY in models of RPV
SUSY.

- In addition ATLAS also has very nice new results for dedicated RPV searches since
SUSY2017 last December.

- RPC and RPV are connected by the RPV coupling strength => can investigate the
analysis sensitivity to the RPV SUSY continuum.

- In general, conventional and less conventional searches for gluinos are pushing limits
on the gluino mass above 2.0 TeV.

- Limits on squarks are being pushed well above 1.2 TeV, and up to 1.8 TeV in the latest
results (no time for details today, unfortunately !)

Michael E. Nelson, Oxford 23 SUSY 2018
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RPV Search with Multi-dets: Region

UNIVERSITY OF

OXFORD
Summary
niet (pT > 200 GeV)  b-tag PT.1 | Anyo] M7

CR 3jCR =3 . - . .
UDR1 = 2 - > 400 GeV . .

UDR UDR2 =4 - < 400 GeV . -
4iVR >4 - > 400 GeV > 14 .

VR 5iVR > 5 - - > 1.4 -
4i;VRb >4 Yes > 400 GeV > 14 -
5]VRDb > 5 Yes - > 14 -
4iSR > 4 - > 400 GeV <14 > 1.0TeV

SR 5jSR > 5 - - <14 >0.8TeV
4iSRb > 4 Yes > 400 GeV <14 >1.0TeV
5jSRb_1 > 5 Yes - <14 >08TeV
5]SRb_2 > 5 Yes - <14 > 0.6 TeV

Michael E. Nelson, Oxford 25 SUSY 2018



RPV Search with Multi-dets: Template Method

UNIVERSITY OF

0),430)23D,

Template == Calculated jet mass PDFs, parameterised in jet pr and Inl. Create template
from a controlled sample of background events.

Jet mass template used to generate a random mass, gradually building up a background
M,z distribution of randomised jet masses.

The predicted M,z distribution is normalised to the observed 200 TeV < M,2 <600 TeV
(signal contamination negligible to statistical uncertainty). . e

£ E 4jVRb  ATLAS 1
m N I I I I | I I I I | I 1 1 I | I 1 I I I I I I I | I I I 1 I I I I I _ L%) : \S = 13 -I;ev, 36.1 fb-1 :
_CLJ B .y sy - 4l -o- Jalta |
5 107 ATLAS = 10 ot =bkg pred +16
L] - s =13 TeV, . - s Syst. 16 :
- 10—2 - 361 fb — E-:E = M. = 50 GeV E
S = 5 - -.mP= 1900 GeV ]
5 = ] 102 m_, = 1050 GeV _|
@© B o | E % E
L 102 * Pythia8 non-matched —— = §
- ol — Pythia8 b-matched - 108
B i -o- Data non-matched -
1074 o1 —e- Data b-matched —

- o 600 GeV < p_ < 644 Ge 1 o

Sl 0.5<n| < 1.0 B 5

107 & = 2

= e - o

[ L :I | 1 L 1 1 | L 1 1 1 | 1 1 1 1 I l 1 1 1 | 1 1 1 1 I 1 1 | ] E
—7/ —6 -5 —4 -3 —2 —1 0 i\ 02 04 06 08 1 12 14 16 18 2
log, (m/p.) Q M= [TeV]
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RPV Search with Multi-Leptons:

UNIVERSITY OF

Region Summary —
Region N(e,u) N(Thadvis) PT (Thad-vis) Z boson Selection Target
SROA >4 = > 20 GeV veto meg > 600 GeV General
SROB > 4 = > 20 GeV veto mesr > 1100GeV  RPV LLE12k
SROC > 4 = >20GeV  require Ist & 2nd  EF™ > 50 GeV higgsino GGM
SROD > 4 =0 >20GeV  require Ist & 2nd  EF™ > 100GeV  higgsino GGM
SR1 = > 1 > 30 GeV veto mee > 700 GeV RPV LLEi33
SR2 =2 > 2 > 30 GeV veto M > 650 GeV RPV LLEi33
Reducible Control Region  N(e,u) N(e,u) N(Thadvis) N(Thad-vis)
Estimation for signal loose signal loose
410T CR1_LLLI =3 > ] = >0
CR2 _LLII =2 > 2 = >0
3L1T CR1_LLLt =3 =0 =0 > 1
CR1 _LLTI =2 =1 > 1 >0
CR2 LLIt =2 =1 = > |
212T CR1 _LLTt = =0 = | > 1
CR2_LLtt = =0 =0 > 2

Michael E. Nelson, Oxford
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Events/10 GeV

Data/SM

RPV Search with Multi-Leptons: More

SR Kinematics

o L L L A A A A =
- ATLAS ¢ Data fiz ]
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A TLAS

IIIIIIII
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Vs=8-13 TeV, 20.3-36.1 fb"' March 2018

||||~|~|~|||||||||||||||||||||||||
4=t.ds.¢ ATLAS Preliminary

q— q’)Z? 0 lep. + mono-jet [1712.02332, 1711.03301]

g — qwzf 0 lep. + 1 lep. [1712.02332, 1708.08232]
> 2 v [1802.03158]

~ ~0 .

ciL - qWZ)(1 >7-11 lets +>2lep. SS 8 TeV.

g — q<||/|v/w)5zf via IV =2 lep. [1507.05525]

>17

All limits at 95% CL
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Vs=8-13 TeV, 20.3-36.1 fb"' March 2018

And now, the latest from the
“less conventional” squark
production searches

15001 Al limits at 95% CL .

1000~ -

400 600 800 1000 1200 1400 1600 1800 2000
m(a) [GeV]
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Catching Squarks and Gluinos with Taus

Gauge-mediated symmetry breaking (GMSB)
model => scalar lepton is preferentially a stau for
high tan3. More details in SUSY-2016-03 p

UNIVERSITY OF

0),430)23D,

Dedicated 1 and 2z signal regions, including

optimisation for the compressed region, and control
region for tau fakes from W decay. p

mysim = mT(T1) + mT(12) + mT(jets) Hr = pT(T1) + pT(T2) + prjets)

> —
o - ATLAS F 13 TeV 36.1 fb o Data ISM+1ct t : > 10° ATLAS \F 13 TeV 36.1 fb e Data ISM+1c =
O 3 [ Top Quarks _ O] ] Top Quarks =
o 10° Preliminary 2t channel EmWow sy 3 S Preliminary 2t channel W s » -
= - Compressed SR EZ - vv gg MM 0 10* GMSB SR Oz ovw "M
y — JZ-> 1 mrYY — = +gg MM 3
§2) 102 = =V - +gg HM = ; 103 E\Z/V_Hn "§§HM E_
GCJ ; [ Other - -GMSB ; I= [ Other =« GMSB =
— ] ) =
O o [ et — o 10° =
SR S et s s s - 10 =
1 N e T s - === -
10 & el
3 1.5F =
s 1 S
8 0.5 . , , , : g _ | | . . : :
0 500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000

ms‘™ [GeV] H. [GeV]
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Catching Squarks and Gluinos with Taus
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~e . ~ ~0 ~0 ~0
gg production, g — qqtv. / qqrTy. /qqvvy,

L s Observed limit (+1 65USY

ATLAS £ (jl combination ZIZZ Expected limit ((i1 c‘hp) )
Preliminary .- 2t expected limit
4 == 1t expected limit

Vs=13 TeV, 36.1 fb ATLAS 3.2 fo™' exclusion

All limits at 95% CL
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Pushing gluino sensitivity to 2.0 TeV !

- Limit calculated from the combination of the 1 and 27 channels.
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Catching Squarks and Gluinos with Taus

OXFORD
GMSB: M;c=250 TeV, N;=3, >0, C__ =1
@_ 60 _I I> || ||AI | I,_~|| Ii,\l | l bll] II | I:ﬂ~ | ;I !I II | |J>\|';I | I!sl ]I SL I | I| I;I_
C B o| Io o| 8 o||<5 1 6 ke i | |8,8 16 | & N
=g |v |!; Z(,u;l T I B o | o | o ]
50— ATLAS i1 MR L
B | ] | N L L | ]
C !Pnellmlnaryl i N o ]
! R (- L Lo B
C |1Ti+ 21 comblnatlon Y [ L ]
40 TR (R o ;
L I\F-13T9V '361fb1 [T [ Sy L -
— I : I 1 1 | | I —
S P P L | -
30 — iq+q. (U ds/c,b) i g - o ]
I | £ ] L i
I ] L ]
I oY L L | _
20— | ! | L ey =
- 1| wi Observed limit (+1 Cineoy)
C . ==== Expected limit (+16,,)
© . RSN 2t expected limit |
10— i is iy - Tt expected limit —
: L ATLAS 3.2 b exclusion ]
| | ; } All limits at 95% CL _
R T | [ : I N I A T T I A T I A I
90 100 110 120 130 140 150 160

A[TeV]
Limit calculated from the combination of the 1 and 2r channels.

Significantly extending exclusions on the SUSY-breaking mass scale, A, (assuming
GMSB) for different squark and gluino masses (orange and grey dotted lines).
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Events

Significance
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Catching Squarks with a Z edge
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P

q =0
_ - ."‘/’,O /\ 1
- X2
~ .“j,U
oSN a A2 0

P 7

AMmy = my> -My1

Amy < mz: my distribution can have a kinematic endpoint (“edge”) at Amy

Search for an “edge” by scanning in the Z — ee or yu invariant mass, using mass
windows above and below the Z peak.

More in SUSY-2016-33.
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Catching Squarks with a Z edge

UNIVERSITY OF

9-9;9— q %Z %Z—> Z ')Z?; m(%?)=1 GeV QRO
; | | | I | | | I | | | | | | I | | | I | | |
() B 1T
5 1600}— ATLAS 13 TeV,14.7fb" —
Cf;c“ B ATLAS S Expected limit (1 Gexp) _
K — 1s=13TeV, 3616 o —
E 1400 | - T Observed limit (1 Gﬁ]ﬁ;) —
- On-Z Best Expected Combination 5 -
1200 — —
1000 — \ —
- ;O
8001 2 7z
: (} 0 :
- ~ \
600 = -7 g
B ~ ~0 ]
L S o X2 ~0 =
C G X7
400 — 7 —
B q _
200 — I I 1 | I 1 | | I | 1 :: r | I | I I | | I I 1 ]
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m(q) [GeV]

- Significant gain in sensitivity to squark masses above 1.2 TeV, with the
full 2015 + 2016 ATLAS dataset.
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Let’s take jet multiplicity to the extreme ...
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13-jet event
reconstructed in the
ATLAS calorimeter!
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A Picture of “Conventional”

UNIVERSITY OF

Supersymmetry (SUSY) OXFORD

9 » Gluino (spin-1/2 SUSY partner of the
gluon) production at the LHC.

- Decay cascade into SUSY and Standard
Model (SM) particles.

O
1
- Cascade produces final state quarks =>
(1) hadronization into many jets.

- Lightest SUSY particle (LSP) passes
q through ATLAS, undetected => measure
real missing transverse momentum

q (ETmiss)_
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Backgrounds and How to Control Them

Major backgrounds:

*Multi-jet background: QCD multi-jets

and fully-hadronic top production.
Leptonic backgrounds.w |

Large multi-jet background at moderate
ET™iss significance.

Sufficiently large ET™ss significance is
our hunting ground for new physics. ™
The multi-jets background must be
estimated using a fully data-driven
approach ... the template method.

Michael E. Nelson, Oxford

Numbe‘fof Evehts / 4 GeV'?

Data / Pre c

UNIVERSITY OF
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Backgrounds and How to Control Them

UNIVERSITY OF

OXFORD
CRs for two largest Monte Carlo backgrounds: W For each Niet SR of jet multiplicity Niet, an
+jets and top production + jets, constructed by Nier-1 CR is calculated for the W+jets and
requiring zero and ong mcluswe b-jet hadronic top backgrounds.
respectively.}

These CRs provide normalisations to the
yields from the largest MC backgrounds.

W+jets CR

Top CR
c | | | | | | | | . E1000=" | T | T | | T -
m - ATLAS e Data - a8 ATLAS e Data
~ . Vs=13TeV,36.1fb" %% Total background i ~ - Vs=13TeV,36.1 fb %### Total background .
% CRW-7j50 [ ]t—qll _ % CRT-7j50 [ ]t—qll
(&) I W >y +jets I W >y +jets 7]
D) 200— I Other — i B Other ]
S B oo e pMSSM benchmark 7 S ™. Yl pMSSM benchmark
T 2-step benchmark 5 - e | | e 2-step benchmark 7]
o) o) ]
= = 500
S S
Z pzd 7

o o
B 2 I E B 2
et 15:_ ........................................................................................................................... } ....................... 3 bt 15
(ol c 3 o
E 1?//*//%#4#% W g el 4 * 7 /5 ; 1
TG 0D = w 0.5 -
D 0: ) ) . . ) . ) . ) - D 0 ) ) . . ) , ) ) ) -
6 7 8 9 10 11 12 13 14 6 7 8 9 10 11 12 13 14
Number of Jets Number of Jets
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The Template Method OXFORD

—h

o
—_
o

%> = aras T e pa S Fully data-driven multi-jet

3 10°E {s=13TeV,36.1 1o % Iﬂﬁ‘i‘j:tac“gm“”d = background estimation.

< 108:? VR-7j50-0b T ioall _; |

~ = I W — v + jets > Et™Mss significance shape is
210, —r g ... approximately invariant under
L%’ 10°8 eeetep D different (high) jet multiplicities.
S 10°E Calculate the multi-jet

3 10* contribution in the 6-jet, Ex™Miss

£ 103 significance > 5 GeV12

Z

template region.

10°
108 ' 5 Rescale the shape in each of
. D ] """"""""""""" - the signal regions by
S E 7. considering the relative change
Iy 7 in size of the multi-jet
@ _ dominated peak at Eymiss
g o . % significance < 1.5 GeV'2,
0 2 4 6 8 10 12 14 16 18
E_Irpiss/ Vﬁr [Gev1/2:
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The Template Method OXFORD

Fully data-driven multi-jet
background estimation.

nj "j(METSig<1.5)
nriylultuets METSig > 5.0) = n%(METSig > 5.0)"% (METSZ§<15

Etmiss significance shape is
approximately invariant under

/TR\ m different (high) jet multiplicities.
N
Calculate the multi-jet
TR - contribution in the 6-jet, Et™iss
N significance > 5 GeV12
_~template region.

TR ) SR e .
\/ e Rescale the shape in each of

— — the signal regions by

considering the relative change
@ METSigin size of the multi-jet

» dominated peak at Et™iss

00 significance < 1.5 GeV'?,

Emiss/ jH1/2
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The Template Method OXFORD

Fully data-driven multi-jet
background estimation.

T ; :
A 7 : 6 : n"i (METSig<1.5)
Pnultijets\ M FTS1g > 5.0) = n¥(METSig > 5.0) w3rprsi,<15 Ermiss significance shape is
\ approximately invariant under
/T—R\ \ 5 different (high) jet multiplicities.
= R
Calculate the multi-jet
S contribution in the 6-jet, ET™ss
\_R/ SR significance > 5 GeV12
‘ » template region.

TR ) - .
N o Rescale the shape in each of

~ the signal regions by
PN considering the relative change
@\\ METSigin size of the multi-jet

\ » dominated peak at Ex™'ss

1.5 5.0

Emiss/ jH1/2

significance < 1.5 GeV'?,
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High Jet Multiplictnal Regions

Criterion Hea.vy-ﬁavour Channe Jet mass channel
Jet |7 — 2.0

Jet pr ATS50 GeV | >80 GeV ™, >50 GeV
Njet % >28,9,10,11 | >7,8,9 - 28,9,10

Leptn veto

No preseléeted e or u after overlap removal

pr >50 GeV and |n| < 2.0
pt >100 GeV and [n| < 1.5

Nb-tag Z 0
My > 340, 500 GeV
E’rTniss/\/H—T 5 GeV1/2

UNIVERSITY OF

0),430)23D,

Signal regions (SRs) are constructed from 7, 8, 9, 10, and 11 inclusive jets (leptons

vetoed). Two channels:

“Heavy-flavour channel”: 0, 1, and 2 inclusive b-jets are required.

Michael E. Nelson, Oxford
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High Jet Multiplicity Signal Regions

UNIVERSITY OF

0),430)23D,

Criterion Heavy-flavour chann”‘ ‘ Jet mass channel
Jet |n| <20 |

Jet pr >50 GeV | >80 GeVp|™

Njet >8,9,10,11 | > 17,8, ‘

Lepton veto

No preselected e or u after femoval

b-jet selection

¢ Large-R-jet Séléfo B

pr >50 GeV and |n| < 2.0

gy

Ni-tag >0,1,2 7~
My >0 ,;
ER=//Hr > 5GeV'/?

Signal regions (SRs) are constructed from 7, 8, 9, 10, and 11 inclusive jets (leptons

vetoed). Two channels:

«“Jet mass channel”: Jets are reclustered into larger fat-jets, uses the total fat-jet mass

per event (My2).

Michael E. Nelson, Oxford
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Results with 36.1 fb-1 (2015 + 2016)

UNIVERSITY OF

0),430)23D,

»
R
>
7

Yields in each of the 27 signal Vs=13TeV, 36.1 b

regions — excellent data/(MC +
template) prediction.

Multijet - W — v + jets ® Data
e Y ) B other tt—q, ___ Total Background

| 1 IIIIll|

The signal yields in each SR using
2015 + 2016 LHC data.

Smoking gun for this new physics
search: large SR excesses at
moderate Et™Mss significance
coming from SUSY particle
production.

\
| I I I I \\Q§IIIIIII|

No statistically significant
excesses are observed — use this
to understand sensitivity to existing

Data / rediction
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Sensitivity to RPC SUSY
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~ ~

PMSSM: M1=60 GeV, tanp=10, u<0, M2=3 TeV, m(q)=5 TeV, m(1)=5 TeV
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|I|||I|||I||::"-I\|E}“-||I|||I|||I|||—

800 ! I I I | I | | I I-__: I 1 { ::-l I 1 | | | | ! | ! | ! | ! | |

ATLAS

Multijets + E™'** Combined
Vs=13 TeV, 36.1 fb™

All limits 95% CL

= = = Expected (+106,,,)

SUSY, -
......... theory) —

— ATLAS 13 TeV, 3.2 fb™"]

1000 1200 1400 1600

1800 2000 2200 2400

m(g) [GeV]

95 % confidence level (CL) exclusion limits are set on different strongly-
produced SUSY models: three R-parity conserving (pPMSSM above), and a fourth
model which is R-parity violating (RPV) .

Sensitivity to gluino masses extended up to ~ 1.7 TeV.
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m(,) [GeV]

95 % confidence level (CL) exclusion limits are set on different strongly-
produced SUSY models: three R-parity conserving (2-step above), and a fourth
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model which is R-parity violating (RPV) .

Sensitivity to gluino masses extended up to 1.8 TeV.
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Concept of R-Parity OXFOD

* In the minimal supersymmetric standard model (MSSM), baryon and lepton number
are no longer conserved by all couplings in the theory.

- We can “force” such B and L-violating couplings to be forbidden by imposing the
conservation of the R-parity quantum number, defined:

Spin number

B Lept
- SUSY particles: Pr = -1 aryon number epton number

- SM particles: Pr = +1

» Our “conventional” SUSY is R-parity conserving (RPC) => LSP is stable.

- Interpretation of stable LSP: dark matter.
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Event fraction

RPC-meets-RPV Kinematics

UNIVERSITY OF
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Let's understand the kinematics of the various RPC-RPV signals, to see if existing
squark/gluino searches could be sensitive ...

0.4FT | | | | | | | | | = < ] | | | | | | -
- ATLAS Simulation Preliminary Prompt . % — ATLAS Simulation Preliminary Prompt ]
0.355— ot (otbs), i) = (800, 200) GeV 0.01ns 4 @ 0.6 T (>tos), m{Ex)) = (800, 200) GeV 0.01ns 1
03;_ > 1 lepton, jet pT>4O GeV 0.1 ns _; % 053_ > 1 lepton, jet pT>4O GeV 0.1 ns _f
C —1ns 3 s n —1ns ]
0'255 —10ns 1 W 04F —10ns =
0.2 — —RPC = : —RPC :
o ] 0.3 —
0.15F = n ]
0 s 3 0.2;— —;
0,05 1 of :
Ol:—l— l | | | | Iﬁﬂ—n—- L] O: | | | L L
2 3 4 5 6 7 8 10 11 12 0 1 2 3 4 ) 6 /

Jet multiplicity b-jet multiplicity

Turn on RPV coupling => b-tagging multiplicity “increases”.
jet multiplicity increases Optimal “b-tagging” sweet spot at 0.01 ns.
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Summary of Signal Models
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Model name Gqq Gtt Stop R-hadron
Coupling Tis s - _

G — qqX1 G — X1 f — X3
Decay g — qqi?(—> qqq) G — tt>~<(1)(—> ths)  t; — t>2(1)(—> tbs) g — qqi(l)

g — qqq g — tbs t, — bs
Othel.“ colored m(:z = 3 TeV m:(('g) =5 TeV m(fj, LE];) =3 TeV (. 1~)) Py
sparticle masses m(t,b) =5 TeV ~ m(t,b) =2.4TeV  m(ty,b) =3 TeV
LSP The LSP is bino-like, m(X1) = 200 GeV m(X1) = 100 GeV
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Main Analysis Characteristics
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Analysis name Leptons Jets / b-tags EITniss requirement Representative cuts Model targeted
RPC O-lepton, 2-6 jets [53] 0 >4 /- E%iss/meff > 0.2 meg > 3000 GeV Gqq, R-hadron
>7 /- : Gqq
RPC O-lepton, 7-11 jets [55 0 — Emiss /| JH- S 5 GeV1/2 _
155) > 11/ >2 T/ VHT Gtt
0 >7/>3 Emiss > 350 GeV 2600 GeV
RPC multi-b [56] 27/ 2 T 7 © et = © Gtt
1 >5/>3 EXSS > 500 GeV meg > 2200 GeV
RPV 1-lepton [57] 1 >10/ >4 - - Gtt, stop
RPC Stop 0-lepton [58] 0 >4/ >2 E,‘Fiss > 400 GeV Mjet R=1.2 > 120 GeV stop
RPC Stop 1-lepton [59] 1 >4/ >1 E%‘iss > 250 GeV mr > 160 GeV stop
si >6 /> 2 Ermiss 10.15 1800 GeV
RPC and RPV same-sign 2 39 or 3 > / > T /meff(_, Meff > e Gtt, stop
and three leptons [60] >6 /> 2 _ Mmeg > 2000 GeV
RPV stop dijet pairs [61] - >4/ >2 - A < 0.05 stop
Dijet and TLA [62,63] - >2 /- — ly*| < 0.6 stop
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